PRESIDENT'S ADDRESS By Sir N ORMAN BENNETT, M.B., B.Ch., L.D.S.E. BEFORE the days of the Medical Research Council and the Dental Board I often used to think, when puzzling over some of the problems of dental pathology, how much might be done if there were only a little money to play with, and how, if there were enough to remunerate adequately whole-time workers with brilliant minds, the prevention of dental diseases might become a real possibility instead of a chimaera.
We have now had twelve years of subsidized dental research, and most of the results have been publisbed, and I shall perhaps be interpreting men's minds fairly correctly if I say that the general impression is that while a large amount of excellent detailed work has been done, we are not very much nearer the goal of effective prevention of dental caries and parodontal disease than we were twelve years ago. I believe that that impression does less than justice to the workers and those who have assisted them. The difficulty is to see the results whole, or even as a group of aggregations of small units. It is like taking up a jig-saw puzzle containing a few islands of already fitted pieces. There are some useful bits, obviously of the right colour, which may help to unite the other portions if we can fit them in. It seemed to me that I might best show my appreciation of the honour you have bestowed on me in making me President of this Section, by briefly recounting the history of subsidized dental research in this country, and more particularly by trying to synthesize the results, by venturing to estimate their relative importance, by showing how well some of them fit together, and how others perhaps seem as if they can never form part of the picture. I cannot hope for any striking success in these efforts, but if the result should be to indicate ever so vaguely the paths that we need to tread, and to illuminate them ever so dimly, then something useful will have been done. Prior to 1921 the Medical Research Council had assisted research in matters connected with the teeth, but there was no special Committee of the Council which might be expected to suggest means for a concerted attack on the major problems of dental disease. There was singularly little difficulty about its inception. The matter was first discussed with Sir George Newman, who promised all facilities from his department, and Sir Walter Fletcher, when approached, at once took the problem up with the enthusiasm that always characterized him when FEB -ODONT. 1 2 he saw opportunities of steady progress on sound lines. Let me say here that I think only the members of the Dental Committee realize what a good friend dental research has lost in Sir Walter Fletcher. He gave the Committee his confidence, he was always encouraging and sympathetic, and was wisely critical on rare occasions.
The Committee first met on October 21, 1921-only about two months after the passing of the Dentists Act-under the chairmanship of Professor Halliburton. I am not proposing to say much about the personnel of the Committee, but I should like to pay a tribute to the work of the late Dr. Langdon who was its secretary for most of the period of twelve years during which it has been in existence. He took a deep interest in all the problems that arose, applied his alert and active mind to their solution, was sympathetic and tactful with the research workers, and as a secretary was efficiency itself.
The first work of the Committee was to collect existing information and facts on the problems of dental disease. This was not very illuminating or productive, and the Committee felt that at least it would be useful to have a really accurate knowledge of the character and extent of dental disease in children. They therefore enlisted the services of Mr. Norman Ainsworth [El, who examined 4,258 children in thirty-six schools chosen to provide the widest variety in regard to geographical, physical, and industrial conditions. I think that his investigation was, and remains, the most scientifically conducted of its kind that has been undertaken in this country, and it provided valuable information concerning dates of eruption, the incidence of caries, the surface distribution of caries in permanent teeth, and arrested caries in deciduous teeth. Among other results Ainsworth definitely established the fact that teeth affected by gross hypoplasia were more susceptible to caries than others, and that the hypoplasic areas were the most susceptible. He also found that 23 2% of children examined exhibited in varying degrees unilateral or bilateral antero-posterior malocclusion. These facts will be of interest presently in conjunction with the results of other research work.
I shall now disregard historical sequence and try to view the various problems from an entirely different standpoint, namely, the tissues, organs, diseases, or malformations, upon which ligh-t has been thrown by the concentrated beams of different research workers.
In the hope of solving the problems of dental caries and parodontal disease it is natural that so far as anatomy and physiology are concerned workers should have concentrated on the enamel, and on the point of junction of the cementum, periodontal membrane. and gum epithelium. Let us first consider the former, which has been investigated in several ways.
Mummery [23] , in a Medical Research Council Report in 1923, gives an excellent r6sum6 of the evidence for and against an organic content in enamel. As everyone knows, Tomes concluded that there was practically no organic content, but that what had been thought to be a small organic constituent was only water of crystallization. Lovatt Evans found 1 to 2% of organic material. Leon Williams, Walkhoff, and Hopewell Smith regarded the enamel as a dead structure. Fisher and Von Beust regarded the enamel as being in vital organic association with the dentine. Douglas Caush had long ago demonstrated that stains would penetrate enamel between the prisms. Ebner, Gottlieb, Pickerill, and Mummery, by various methods of staining, confirmed this, and Pickerill found that staining from the external surface became more difficult in older teeth. Malleson [12] , working in conjunction with Laidlaw, devised a very special, elaborate and difficult technique for cutting sections of decalcified enamel. He was able to show (in 1924) that after decalcification a very delicate network on the surface of each enamel-prism remained-a prism-cortex. He also found that the surface layer of the enamel sometimes appeared to be of a homogeneous nature without distinction of prisms. The form of the prisms was not hexagonal as had usually been thought, but round or ovoid in section, and often grooved on one side like the prisms of elephant's enamel described by Mummery. I suggest that this grooving may serve to give strength or rigidity, as in the longitudinal ridge on the wings of motor cars. Sprawson and Bury [27] , in 1928, by very careful estimation of nitrogen and the organic carbon, concluded that Tomes was correct; but in 1930 Sprawson [281 published a very interesting investigation of marsupial enamel, and (to a less extent) of human enamel, in which he showed that cracks in marsupial enamel were associated with increased patency of the adjacent dentinal tubules and of the inter-prismatic substance of the enamel, and that closure of the cracks took place from without inwards by hypercalcification. This is, perhaps, easily credible in the case of marsupial enamel, but Sprawson shows similar appearances in human enamel, which are at least suggestive. These observations must be taken in conjunction with those of Mummery, who showed that an appearance resembling the translucent zones in dentine sometimes occurred in enamel in response to surface lesions. Fish [7] confirmed the work of Malleson on the organic cortex of the enamelprisms. He also showed that the enamel of dogs was permeable by simple diffusion from both surfaces, but that with age a change occurred in the outer part of the enamel which rendered it impermeable. Human enamel was impermeable by simple diffusion under the conditions of his experiments.
Jeffery, working in conjunction with Laidlaw, made a large number of experiments on canine and human enamel in forcing dyes through enamel bv means of cataphoresis. He found that dog's teeth were readily permeable. In a recently erupted canine of a dog five months old, acid-fuchsin was made to pass right through in ten minutes. Permeability decreased with advancing age, but the surface enamel for the thickness of about 51-' was almost impenetrable from within. The staining passes through the prism-sheath or cortex. In human teeth the staining was more difficult; it required a current of higher voltage (up to 200); the staining was more patchy, and showed no correlation with age or other conditions; and secondary dentine or the translucent zone formed an effective bar.
Jeffery experimented with various salts and found that the permeability for different substances varied considerably. In a later series of experiments he devoted his attention to permeability to different forms of phosphate, as this seemed to have a possible connexion with late calcification. He found that young dogs' teeth were more permeable to organic phosphates-hexomonophosphate and especially glycero-phosphate-than to inorganic phosphates. He further found that the enzyme phosphatase was present in the pulps of dogs' teeth, especially of young dogs, and to a slight extent in the hard tissues, but in human teeth, permanent and deciduous, the enzyme could only be identified in the pulps. These observations should be taken in conjunction with Robison's theory that hydrolysis of organic phosphates by phosphatase raises the concentration of inorganic phosphate in tissuefluid and so enables calcium phosphate to be deposited. I have given you a brief r6sum6 of most recent British work on the structure and functions of the enamel. What can we glean from it ? It seems to me that there is definite proof from permeability experiments that the enamel is not a solid block of calcified material, and also that whatever the chemical analyses may say, the histological evidence is sufficient to show that there is a definite organic content and structure. To what extent, if at all, is the enamel vital? The observations of Mummery and Sprawson indicate the possibility of vital reaction. The relatively harder outer skin of enamel is, I think, definitely established. One may assume that it is mechanically protective and probably also protective against harmful permeability from without. I suggest that there is here a close analogy with the superficial layers of the epidermis, which certainly are mechanically protective, which form an effective bar, when uninjured, to microbial invasion, but which do allow the absorption of medicaments from without under certain conditions. Jeffery's experiments show, at any rate in dogs' enamel, that the enamel becomes less permeable with age, and as regards human teeth th-is accords with the vast body of clinical experience. But chemical analysis has never shown that old teeth have a higher calcium-content than young teeth; such evidence as there is points the other way. I have always felt that some difference in physical structure might account for increased hardness. Investigations of the crystalline structure of enamel by means of X-rays are now being carried out at the National Physical Laboratory by Dr. Shearer and Mr. Thewlis [241. The results so far are incomplete, but they do give further proof of the existence of the hard outer layer, and they afford some indication that this hardness may be associated with parallelism of the crystals, compared with the random orientation of other parts, just as rolled gold is harder than annealed gold. More than that I must not say (perhaps I should not have said as much), but the results of further work will be awaited with much interest. I conclude, then, that the enamel is a vital structure nourished from within as far as its extreme outer border, and possibly accessible in a small degree to influences from without. I am confirmed in this view by the belief that no part of the human body is completely cut off from vital influences. One thinks at once of the skin, the hair, and the nails. The hair certainly is not dead. Both in animals and human beings it varies in condition to a remarkable extent in conformity with changes in conditions of general health. This variation can hardly be accounted for by the effect of external secretion around the base of the hairs, but must rather he due to changes in the internal channels of the hairs themselves. The nails are keratinized, but we do not know that they are completely removed from vital influences. Fish [7] regards the hardening of enamel after eruption as a process of keratinization of the enamel-sheaths, and observes that Nasmyth's membrane and enamel lamellw, are definitely horny structures, and are in close association with the enamel-sheaths. He is drawn to this conclusion partly by belief that calcification, in the true sense of the word, cannot take place apart from a cell-mechanism. That may be so, but I do not think it is necessary to envisage the hardening process which takes place, chiefly towards the outer surface, as either calcification in the ordinary meaning of the word, or else keratinization as the only alternative. There may be molecular or crystalline changes with or without increased calcium-content, assisted from within or even from without, which account for increased hardness. However that may be, all the work to which I have referred tends to show, and in a marked degree some of it does show, that the enamel is an organic and vital structure, and unless more proof is forthcoming to the contrary, I shall for my part place no limit to the boundaries of the enamel to which that vitality extends.
We may now proceed to a consideration of the problem of dental caries. I shall assume that the chemico-parasitic theory-the decalcification of enamel, the invasion by micro-organisms, the proteolytic destruction of the organic content of the dentine, adequately explain the actual process, but tell us nothing about the varying degrees of immunity and susceptibility in different races, different people, and different members of the same family. There are I think three factors, and only three, wbich enter into this variability-structure, nutritional inflaence from within, and external influences from the oral fluids or conveyed by them.
The first of these brings me at once to a consideration of the work of Mrs. Mellanby [14] [16] [17] [181 [19] . There may be some who do not quite appreciate the character and extent of the work that Mrs. Mellanby has accomplished, and are therefore inclined to under-estimate its importance. I think there has been some tendency to confuse the experiments themselves and the facts discovered by them with inferences concerning the bearing of these facts upon the question of susceptibility. For my part I find the work most impressive. It has extended over many years and involved an enormous number of experiments; it has been carried out with extreme care for avoidance of error, with proper controls; and it has been assisted or checked by a vast amount of histological and chemical laboratory work. To my mind Mrs. Mellanby has established the following facts. In experiments on dogs:
(1) Assuming a reasonable diet from the nutritional standpoint, and including of course calcium and phosphorus, teeth of good structure can be insured by giving vitamin-D in natural food, or in cod-liver oil, or as a synthetic product, or even by irradiation of the skin.
(2) Without a sufficiency of vitamin-D, defective calcification is certain.
(3) Variations in degree of calcification at different periods can be produced by changes of diet from time to time.
(4) Cereals possess a definite anti-calcifying property, the worst being oatmeal. (5) Defective structure can be produced by feeding the mother on a diet deficient in vitamin-D, though this may be compensated to some extent by drawing on the maternal store.
In human teeth minor degrees of hypoplasia are extremely common, and consideration of the ordinary gross forms of hypoplasia alone gives an incomplete picture of the structure of human teeth in general. These results are based on the macroscopic and microscopic examination of a large number of teeth of which the majority were deciduous.
So much for structure. In passing to a consideration of internal and external influences one is faced with the difficulty that one factor may be operable in either way or both.
Mrs. Mellanby has published a series of papers on experimental work on children in conjunction with Mr. Proud and Dr. Pattison. In the first experiments with Dr. Pattison [20] three different diets were given to 71 children divided into three groups.
It was found that with the best diet dental caries appeared to be inhibited and carious cavities became harder, and also the calcium-content of the saliva was increased. In a similar experiment [211 on 78 children vitamin-D produced similar results in inhibiting the caries. In a third experiment [221 on 22 children to test the effect of a cereal-free diet, it was found that the best results accrued from such a diet rich in vitamin-D; but it should be observed that this diet was singularly free from sticky carbohydrates and uncooked sugar. Broderick [31, in criticizing these results, argues that the variation in the acid-base ratio of the three diets in the first experiment was really responsible, and he believes that the anti-calcifying effect of cereals is due not to a definite factor but to an upset of the acid-base ratio.
Mellanby and Pattison's results are of course on a comparatively small number of children, but they were sufficient to justify the Council in initiating the much more extensive Birmingham experiments. The object was to test the effect of vitamin-D in one form or another: (a) On teeth developing while the diet was in progress, and (b) on the effect on dental caries in teeth already formed. The former, of course, needs many years to determine the results. The latter is now completed, and an interim report [6] has been published. The experiment was in two parts. In three different institutions containing 236 children in all, the children were given the same basal diet, but in one institution cod-liver oil was added, in another treacle, and in the third olive oil. There was a definite and significant difference, both in the incidence and extent of caries, between the cod-liver oil group and the other two, especially in the permanent dentition, and no appreciable difference between the treacle and the olive oil. A similar experiment was carried out on another 161 children with olive oil plus radiostol, and with olive oil, with similar results. The work was done with extreme care and precision, and was in the hands of a competent dental surgeon, who made regular inspections, and of a lady assistant.
The results cannot be ignored. I find it difficult to believe that the effects, even upon the existing carious cavities, were produced through the medium of the saliva; if they were not, they must have been produced from within. One is reminded of the process of naturally arrested caries so common in deciduous teeth, but occurring also in permanent teeth. This condition is well described by Mummery [23] in an early report of the M.R.C. He defines a pigmented zone, which is resistant, and the well-known translucent zone underneath, which forms an effective barrier. The condition is produced, of course, partly mechanically, when the breakdown of the enamel walls has extended to those portions where the direction of the prisms is more or less radial to the centre of the crown; but there can be little doubt that we have also to do with a vital reaction. The condition occurred frequently during the War in the permanent teeth of recruits and soldiers when they came under an environmrrent totally different from that of their civilian life, environment being taken to include diet and all other external conditions. Fish [7] has proved that there is free communication between the pulp and the fluid contents of the dentinal tubules, but as there is no free intercommunication at the periphery of the dentine it is a little difficult to understand how the cir6ulation is kept up. Fish is inclined to think that the fluid in the tubule is secreted by the fibril and that the circulation is centripetal, but this seems contrary to what one would expect, unless the calcification in the translucent zone, and possibly in the enamel, is provided for by secretion from the fibril deriving its supplies from the odontoblast and the pulp. Fish also finds that there is a physiological increase in the calcium content of the dentine with advancing years, which seems to indicate that whatever the exact process of primary calcification of the dentine may be, the Tomes' fibres do control calcification subsequently. The brilliant work of Fish on the reaction of the pulp and dentine to injury or caries throws further light on the possible effect of diet in inhibiting caries. He has demonstrated that the reaction is of two kinds. In coronal surfaces in molars it occurs usually as a band of hypercalcification in the tubules underneath the lesion, and in other parts as an area of secondary dentine at the pulp-margin, together with hypercalcification of the tubules adjacent to the affected area of dentine, which he describes as the dead area. This dead area remains to me something of a puzzle. Although there is no definite proof that it is dead, it has every appearance of being so, but, clinically, extensive cavities in the crowns of molars are often less sensitive than cavities in other parts, and I find it difficult to believe that when I am dealing with hypersensitive dentine I am alway's outside the dead area. However this may be, it does not affect the validity of Fish's work in showing the different ways in which reaction takes place; and the efficiency of the barrier of the translucent zone is further shown by Jeffery's demonstration that it is impermeable to electrically driven ions.
I think that these researches of Fish emphasize the protective and recuperative powers of the pulp and dentine, and we may perhaps add the enamel, in view of the work of Mummery and Sprawson, and there is nothing unreasonable in supposing that the effect of vitamin-D in the diet is not limited to controlling the calcification of the developing tooth, but may also stimulate the defensive processes which are made manifest by the researches of Fish and the known facts of arrested caries.
Let us turn now to the saliva. This has been frequently investigated in different ways, because those searching for a solution of the problems of caribs and parodontal disease have always felt that the fluid which bathes the teeth, and therefore acts as the carrier of protective or noxious influences, must be of importance. There is little that is really definite. Naturally the two points that have attracted most attention are the acid-base balance and -the calcium-content. Spencer-Payne [26] considers 464 6 that no definite relationship between acidity or alkalinity and dental caries has been proved. He made investigations of the calcium content by Laidlaw's method, and was unable to confirm Bunting and Rickert's conclusions that it remained fairly constant for each individual, and that immune persons showed a higher content than susceptible ones. Kathleen Horton, Marrack, and Price [8] found that there was no great difference in calcium-content with different kinds of stimulation, but that there was variation at different times of. day. There was a clear association of caries with a low calcium-content, a definite reduction of calcium with the progress of caries, and a higher calcium figure after dental treatment. This fact should be noted in connexion with Mellanby and Pattison's experiments [201 [211 [22] , when they found that with the diet which had a beneficial effect on caries the calcium-content was increased; but whereas the latter experiments seem to suggest a dual result from the one cause, the former experiments seem to indicate definite effects on the calcium-content of the saliva following the progress and mechanical prevention of caries. Broderick [3] , analysing the work of Starr and Bunzell, finds a significant difference in the acidbase ratio at different ages, showing relation to the varying susceptibility to caries and parodontal disease at different times of life. He attaches much importance to Weston Price's theory of the dissolution of the enamel when the saliva is on the acid side of what he calls the iso-electric point. With my very limited knowledge of bio-chemistry and bio-physics I find this theory very difficult to follow, and Broderick himself refers to it as a " visualization."
The Dental Committee felt that so far as the actual process of dental caries was concerned, no progress was likely to be made by investigating further the later stages of caries, but that a careful examination of the very earliest stages might lead to some significant results.
Dr. Kilian Clarke [5] , following up the work of McIntosh, James, and Lazarus Barlow on Bacillus acidophilus discovered Streptococcus mutans. He concluded that whereas " B. acidophilus could be isolated only from teeth in which cavities had formed, or in which the foci of caries were shallow and contamination from the surface could not be excluded," " S. mutans, on the other hand, grew best in a medium with a reaction approximating that of the saliva, was found in the earliest stages of decay, and could be isolated in pure culture from carious dentine, and more or less efficiently protected from secondary infection or surface contamination." B. acidophilus " although it would grow in a neutral or slightly alkaline medium, preferred an acid one, and would therefore find suitable pabulum in carious cavities." He attached much importance to " the fact that colonies of S. mutans adhere closely to the surface of the teeth," because " a local concentration of acid in contact with the enamel is thereby produced, and this could obviously give rise to rapid decalcification, independently of the acidity of the medium as a whole." Maclean [11] in further experiments concluded that either organism was a possible factor in dental caries. Malleson [13] , investigating the early stages of caries in enamel, found that a very large proportion of teeth had cracks in the enamel. These were found in teeth extracted for orthodontic purposes, and on the surfaces of teeth not liable to injury. He found that the infection sometimes spread right down a crack, travelled for a short distance along the amelo-dentinal junction, and returned by another adjacent crack. These cracks have also been noted by Mummery [23] . Walkhoff stated that defects in enamel were very common, and Fish [7] describes the lamelle in enamel. Malleson found also that early caries in enamel spread first through the interprismatic substance. He further confirmed the presence of the homogeneous layer of surface-enamel previously discussed.
I must not avoid the problem as to how far the facts and conclusions so far reached run counter to the popular belief that easily fermentable sugars and sticky carbohydrates are the main factors in producing dental caries. Mrs. Lindsay has 7 465 provided an analysis of 95 original papers bearing on this question, and Dr. Langdon furnished references to papers dealing with sweet-eating. Although no single instance may bring convincing proof, the cumulative evidence is enormous. We are all familiar with the frequent examples of native races living on a natural diet under primitive conditions who are more or less immune to caries, but become highly susceptible when coming under the environment of so-called civilized conditions. Then there are examples from British Malaya, Japanese children in Hawaii, and many other countries where special and peculiar diets seem to indicate particular conclusions, or where two different races living on different die.ts in the same country show different results as regards susceptibility to caries. There are Bunting and Regnart's significant effects of artificially produced caries under silk ligatures. This is comparable with the white line of decalcification under the small deposit of materia alba round the necks of teeth which we see so frequently in children whose mouths are not, generally speaking, unclean. I think it is true that during the War certain classes or groups of children who could not get the usual supplies of sweets were less susceptible to caries. I am satisfied that in my own practice the children of to-day are less susceptible to caries than those of twenty or thirty years ago. Whether this is due to improved methods of feeding of young children or infants, or to prenatal nutrition I do not know-certainly the educated young mother of to-day is usually highly competent without being fussy. Nor do I know whether the lessened susceptibility is due to better structure, better feeding in a mechanical sense, diminution in fermentable carbohydrate, or a diet so well balanced as to keep the saliva on the alkaline side of pH7, and to ensure a sufficiency of calcium in the tissues and a sufficiently high calcium-content in the saliva.
I feel that the evidence for the direct effects of fermentable foodstuffs is very strong, and I ask myself how far it is in accord with the more definite experimental evidence or how far it clashes with it. At one time I thought that investigation of the dental condition of identical twins might throw a light on this problem. Miss Bachrach [2] examined 130 pairs of identical twins (of course of like sex) and 171 pairs of ordinary fraternal twins (of like or different sex), and the statistical results were prepared by Matthew Young. The results were disappointing. In regard to the total incidence of dental caries in the permanent dentition, identical twins were not more alike than fraternal twins. It is interesting to note, however, that the proportion of pairs in which gross hypoplasia was present in both twins was significantly higher in the identical twins than in the fraternal twins. This would seem to indicate that although hypoplasia is understood to be due to errors in infant feeding, and acute illness in later years, yet there is a congenital or hereditary factor not present in the figures of the incidence of caries.
The best-known and now classic example of immunity to caries is found in the island of Tristan da Cunha. The Dental Committee was interested in two visits to the island when examination of the teeth was undertaken. The second of these was the more complete and detailed, and was carried out by Surgeon Lieutenant-Commander (D) Sampson. It amply confirmed the remarkable freedom from dental caries but differed from the former report in another respect to be referred to presently. It is curious that such significant statistics about this island should be so inconclusive. There are no cereals; therefore the structure of the teeth is good. There is no sugar; and so there is no bacterial fermentation to start caries.
There is an ample supply of potatoes; hence the large excess of base over acid in the diet, and the prevention of decalcification.
And now where are we ? I am drawn to the conclusion that although the facts of the chemico-parasitic theory remain undisturbed as explaining the actual process, the tooth as a live organ, even including the enamel, and the body as a whole, are much more concerned with the process of caries than has hitherto been thought: dental caries is more truly a disease than was once thought, and the tooth not a mere 8 466 passive victim of external attack. I think there has been too much tendency in the past to look for one specific cause of dental caries and to believe that when that cause was found an easy remedy might be propounded.
Are the results so far achieved inconsistent? I venture to say not. Good structure is doubtless an. important factor, but not necessarily, as Mrs. Mellanby herself says, the whole story. Too much carbohydrate of the wrong kind in the mouth may easily favour bacterial action upon enamel. A mouth kept clean by natural processes (possibly more effective than the occasional tooth-brush), if this can be achieved, will obviously tend to inhibit bacterial action. Are these results taken together inconsistent with Broderick's [31 theory ? If I understand the theory correctly and may try to put it quite briefly, it is something like this: The acid-base balance of the saliva varies in conformity with that of the body. The calcium-content of the blood does not vary much, and can only with difficulty be raised above a certain point, and when the acid-base balance of the body passes to the acid side the reserves of calcium in the body are drawn upon for neutralization; When the saliva is acid the calcium of the enamel may be withdrawn. This reaction does not commence at any constant point of hydrogen-ion concentration, but depends upon what Weston Price describes as the iso-electric point, which is said to vary in association with different proteins in the saliva. The acid-base balance of the body is determined by a variety of conditions-the food, the vitamin-content, deficiency of oxygen, endocrine secretions, and emotional states. Broderick's views are, I think, largely theoretical, but are supported by a considerable weight of converging evidence. How far they will withstand criticism my very limited knowledge of biochemistry does not enable me to judge, but when I try to picture exactly what happens in t,he enamel I find it very difficult. If the effect of iso-electric acidity were to cause an obvious loss of calcium over the whole tooth surface that would be something definite. But an invisible molecular loss which is sufficient to favour the recognized initial process of solution by lactic or other acid at a particular point seems to me unsatisfying. Whether or not the enamel can, conversely, have its calcium restored to it remains undecided. The hardening of normal enamel after eruption is supported by clinical experience of young teeth, and teeth involved in parodontal disease, but it is more difficult to picture any kind of reconstruction of enamel partly destroyed by dental caries. I have sometimes thought that the white lines at the necks of teeth in children that I referred to just now did partly disappear, but have never been able to satisfy myself on that point. Whatever may be the truth about these things, it seems clear that at any rate there is nothing in Broderick's theory which is definitely inconsistent with the conclusions derived from the work of others.
Much less research has been done on behalf of the Council in the elucidation of the pathology of parodontal disease than of dental caries. Here again the precise histological state and relationship of the tissues have an important bearing on the morbid process. Mrs. Mellanby's experimental work [15] on dogs, rabbits, and rats is of extreme interest when taken in conjunction with the work of James and Counsell [9] . The first question is what is normal ? Both workers and others do, I think, agree that the subgingival epithelium contains no papillary processes and does not extend down over the cementum, and that there is continuity from the squamous epithelium of the gum surface through the subgingival epithelium to Nasmyth's membrane. James and Counsell find that there is continuity between the superficial keratinized layer of the subgingival epithelium and Nasmyth's membrane, and that there is no appreciable sulcus between the gum-margin and the enamel, but that the two meet at an angle. Now the interesting point is that the changes in the soft tissues which James and Counsell describe as characteristic of the disease, namely, proliferation of the epithelium, irregular finger-like processes, spread of epithelium down the cementum, concentration of cells in the corium, conversion of bone into osteoidw tissue, are paralleled by what Mrs. Mellanby has produced in animals by feeding experiments. Mrs. Mellanby has shown that whereas the hard structui, are dependent for their full development on vitamin-D, the soft tissues in th'e neighbourhood are dependent on vitamin-A,and she calls attention to the fact that it is a characteristic of squamous epithelium in general to become hyperplasic with deficie cy of vitamin-A, and to be specially subject to infection. It is therefore possible thl.
many of the cases of clinical parodontal disease have arisen In defective tissues alread.! possessing the characteristics which progressive disease will accentuate. The effect on the hard tissues of lack of vitamin-D you are already familiar with, and it is obvio that they would favour the similar changes that occur in parodontal disease. TN facts stressed by James are of clinical interest. One is the continuity of t epithelial lining of the diseased pocket, and the other is the fact that the periodontal membrane is unaffected in the early stages of the disease. The former encourages treatment, and the latter makes one wonder what is the significance, if any, of the " thickened periodontal membrane " so constantly noted by radiologists in cases where there are few or no other signs of parodontal disease. I am afraid no brilliant light has been thrown on the cause of this disease by experimental workers other than those I have mentioned. James regards the calculus below the gum-margins as the prime cause of irritation; Broderick [3] agrees and goes further in believing that the cause of the calculus is an alkalosis leadins to hypercalcification of the enamel from the saliva, and deposit of lime-salts a, serumal calculus from the blood-serum. He emphasizes the well-known antagonism between dental caries and parodontal disease, and offers explanations of why the two may sometimes be coincident. The island of Tristan provides a light comedy element. The first examination of the inhabitants seemed to show that while dental caries was almost non-existent', parodontal disease was common, ana Broderick quite naturally drew conclusions favourable to his views. But unfortunately the second examination by a well-trained dental surgeon showed that what had been taken for parodontal disease was no more than the superficial gingivitis due to calculus and diet which Broderick regards, I think rightly, as not parodontal disease at all. The fact is that parodontal disease in Tristan is as rare as caries, though gingivitis is common, and if the islanders did what they ought in support of Turner's views, there would be more than the 18% of teeth lost by the time the ageperiod of 46 to 55 was reached.
It is of course impossible now to discuss further the problem of the local versus the constitutional factor in parodontal disease. The probability is that, as in the case of dental caries, there is no real inconsistency between the two schools of thought. For my part, while being very far from denying that the origin of a certain type of case is spread from superficial gingivitis, I believe that the constitutional factor is of considerable importance. I am by no means certain that serumal calculus is present in some of the most typical cases of atrophic parodontal disease, and I venture to suggest that where it is present there is no proof that it is not a consequence, instead of a cause, of the morbid changes in the subgingival epithelium and corium.
The Dental Committee, with much to investigate, has been obliged to keep the work within circumscribed limits, that is to say, as closely as possible within the mouth, but the Committee felt that a detailed examination of the results of apical infection might prove valuable, and this was carried out by Mr. Arthur Bulleid. The results were interesting, if rather' depressing, in that apparently the most infected regions exist where the root-treatment and filling have been most efficient. Granulomata he regards as an attempt to wall off the infection, and therein accords with Weston Price, but he considers that the walling off is only partially successful, because of the vascular connection, and is less satisfied with its effectiveness than Weston Price and Broderick, but after all we do not know anything about the interchange that takes place between the granuloma on the one hand and the surrounding tne and systemic circulation on the other. I confess myself puzzled by the scant =,cognition which seems to be accorded to sclerosis as a method of isolation of an infected area. Sclerosis of the bone so closely resembles translucent areas and se"pndary dentine, both in origin and physical character, that I find it difficult to 'ieve in its complete ineffectiveness.
Jeffery, following his experiments in penetration by cataphoresis, has investi-6,ated the sterilizing effects in root-canals by the same methods. The results
.re somewhat disappointing. He found, in conformity with other experimenters, at with currents of an intensity and for a period that would be clinically 7,aacticable it would only be possible to sterilize the root-canal and a portion o0 the dentine, and possibly a certain area beyond the apex. If it were possible effectively to sterilize the apical regions through the root-canal, a new phase in conservative dentistry would be opened up. Perhaps it need not be abandoned as definitely impossible. It has been the fashion in recent years to consider even small foci at apices as being more dangerous, or potentially dangerous, than sepsis from parodontal disease. I think perhaps this rests less on direct evidence than on the idea that a shut focus must be more likely to be carried by the blood-stream or lymphatics than an open one. This may be so as regards specific infection of other parts or organs, but in my own experience I think that all the jases in which I have seen a patient really ill and suffering from all the recognizable oxaemic signs and symptoms have been from a general sepsis of the mouth of parodontal origin, and I think that in these same cases the results of extraction and other treatment of the oral condition have confirmed the diagnosis. I put forward the hypothesis that a small septic focus may actually be of benefit to the individual.
[t is of course well known that freedom from a particular kind 'of infection for a period may render an individual highly susceptible, as for example the liability to the ordinary "cold" in those returned from winter sports in Switzerland. From time to time cases occur in which normally healthy people succumb to acute streptococcal poisoning following a slight injury, e.g. in gardening. It is at least arguable that a slight chronic focus of infection with some allied streptococcus might have saved them. I trust that I shall not be regarded as favouring the retention of septic foci generally, but I do suggest that considerations such as this may give us pause when adopting a generalized treatment based on knowledge of a limited kind, and perhaps of laboratory origin only. I will refer briefly to one other entirely different kind of research which has engaged the attention of the Dental Committee. Ainsworth [1] showed in the course of his very careful and thorough examination of a large number of children that antero-posterior malocclusion, bilateral or unilateral, occurred in 23% of children. This is a very large figure and indicates some profound evolutionary change, or some defect in the development of the jaws, hereditary or environmental. It is clearly an important question for investigation. Keith and Campion, it may be remembered, did valuable work on the growth of the bones of the skull and face, and this was followed by Brash's admirable work on the growth of the jaws. [2] investigation of twins, from which Matthew Young derived statistical results, showed quite definitely, in contra-distinction from caries, that there' was a closer coincidence in the character of occlusion in identical twins than in fraternal twins. " In practically all cases where a more or less distinct irregularity of the teeth and arches was observed in one twin of the identical type, a similar defect was observed in the other twin of the pair." Oddly enough the resemblance was sometimes on the same side of the mouth and sometimes on the opposite. Miss Still and Miss Elsa Bennett are now examining selected cases of definite types of abnormal malocclusion, and it is hoped that it may ultimately be possible to show in what respects the abnormal differ fundamentally from the normal, and perhaps to throw more light on their causation, and therefore on the principles of preventive and remedial treatment. I cannot draw to a conclusion without thanking Mrs. Lindsay, who is always ready to assist workers in a good cause; she has provided me with an admirable summary of the work of the Dental Committee since its appointment, and has saved me much trouble in looking up articles and reprints.
I am conscious of having given you a mere sketch of the excellent research work done under the aegis of the Medical Research Council. In so doing I have referred to other work, but there is of course much that I have left untouched. I had two objects in view. One was, as I said at the beginning, to try to show how far the various researches were inter-related, and to what extent general or specific conclusions might be drawn from an aggregation of the parts; the other was to prove that the money had not been wasted. In the latter, at any rate, I hope I may claim to have been successful. Soon after the appointment of the Dental Committee the Dental Board decided to expend a considerable sum per annum on research, and in the case of clinical and pathological research to make use of the organization of the Medical Research Council and allocate an annual grant. Three-quarters of the money spent on dental research has therefore come from the dental profession. I believe that the results justify the expenditure. Even negative results are often of considerable value, but many of the positive results obtained are of value, and may prove to be of greater value still when taken in conjunction with further research.
And now what of the future ? I doubt whether there is much more to be done in the histological or bacteriological aspects of either dental caries or parodontal disease. The dietetic and metabolic factors seem to be more alluring. A really thorough and scientific investigation of immune races, or regions, or individuals, might be productive. I believe that among European peoples the incidence of dental caries in Italy is very low. I understand that in India the incidence of caries is low and of parodontal disease high. It would be interesting to know how far the diet is lacking in vitamin-A or conducive to alkalosis. More discussion might be fruitful-when different people's ideas are rubbed together they sometimes emit sparks. Disputation, on the other hand, by which I mean the effort to prove that one person is completely right and another completely wrong, is almost always beside the point, and seems to me futile and wasteful of time and energy. Truth in scientific matters is established by work rather than argument. When all is said and done, it seems to be tolerably certain that no easily applied panacea will be discovered for the prevention or cure of dental caries or parodontal disease. Both are intimately associated with our diet and methods of life, and prevention will be a political and social problem, and therefore of immense difficulty. While so much preventable disease remains unprevented we cannot expect very much from propaganda of dental prophylaxis based on incomplete knowledge. The time will doubtless come when physical perfection and good health are placed in the forefront of national requirements. When that time comes the people will be ready to grasp the truths that will enable them to repel many diseases at the site of entry, namely, the mouth. There has been much progress in public health due partly to an improved standard of living, and partly to the application of medical discovery by Government Departments. Our business is to inculcate the principles of prevention of dental disease, to strive, to work, and to think, until we know for a certainty how dental caries and parodontal disease can be banished. By then we shall have done our part. Education must do the rest.
